INTRODUCTION
The adherence to a particular long-term treatment in chronic diseases has always posed as a challenge in all medical branches. Multiple sclerosis (MS) is one of those diseases that requires frequent parenterally administered immunomodulatory drugs (IMD), such as daily or a few times a week for an undefined extended period. There are three kinds of interferons approved with their proven efficacy in MS treatment, subcutaneous (SC) IFN beta 1a, intramuscular (IM) IFN beta 1a, and SC IFN beta 1b. Glatiramer acetate (GA) is another type of immunomodulatory agent that is administered as daily SC injections. The adherence of patients with MS to the first-line immunomodulatory treatments (IMT) is estimated to be approximately 17%-46% in different series (1, 2, 3, 4, 5) . The patients usually face various obstacles during the adaptation phase of their particular treatment. Among the reasons of treatment discontinuation, serious side effects, such as flu-like symptoms, depression, headache, laboratory abnormalities, and injection-site reactions; efficacy less than predicted; disease progression; and worsening of clinical picture may be listed. This study aims to examine the adherence of our patients to their IMTs and reveal the reasons for treatment discontinuation.
METHODS
We recruited 219 patients with MS who had been undergoing IMT and was being followed up in our demyelinating diseases outpatient clinic for the study. Their ages, gender, disease duration, annual relapse rate (ARR), EDSS scores, and the status of drug usage are recorded by means of a semi-structured questionnaire containing open-ended or yes/no-type items that we have developed in our clinic. Beck depression inventory (BDI) and Paced Auditory Serial Addition Test (PASAT) were applied to screen for any cognitive or depressive disorder. The study was accomplished according to Helsinki declaration, and patients were recruited after they gave their informed consent following a detailed description of the study. The patients were grouped according to their adherence level or continuation status of IMT, and the course of the disease. In the next step, they were compared for cognitive status, disability scores, and disease progression. In addition, comparisons between their level of education (8 years or less versus more than 8 years); disease duration; ARR; and adherence to the treatment were made. The criteria of nonadherence was to skip the injections four times a month for SC interferons, six times a month for GA, and once a month for IM interferon.
Statistical Analysis
Independent two samples t-test was used for comparing the continuous data between the groups. The continuous data was defined as arithmetic mean and standard deviation. Chi-square test was used for comparing the groups of categorical variables. The categorical variables were defined as absolute numbers and percentages. The analysis were made using MedCalc 12.3.0.0 biostatistical package programme. The p value for statistical significance was <.05 for all statistical tests.
RESULTS
We recruited 183 patients with relapsing-remitting MS (RRMS) and 36 patients with secondary progressive (SPMS) in this study. One hundred and forty three patients were females, whereas 76 were males. Their mean age was 40.77±10.36 years. The mean years of education were 9.38±4.08 years, mean ARR .65±.55, and mean EDSS score 2.90±1.88.
Approximately one fifth of our patients had switched among different IMDs during their treatment course. Therefore, most of the patients (80%) were already under treatment with the initial agent. Only 30% of the patients did not mention of any side effect with respect to IMDs. Of the reported side effects, the most common one was flu-like symptoms (31%) and the second was injection-site reactions (17.8%). Other side effects were fatigue (3.3%), psychological effects (3%), and abnormal blood test results (1.9%). Approximately three fourth of patients (77.5%) had injected themselves. For the rest, 12.2% got help from a family member, whereas 10.32% got help from a health professional.
Of the 219 patients, 75.1% were still under IMT. The rate of drug discontinuation was 24.9%. Thirty-three patients in the RRMS group and 23 in the SPMS had discontinued IMT. The most common reason of treatment discontinuation was refusal of the treatment in the RRMS group, whereas disease progression was the leading one in the SPMS group. Side effects were third in both groups. Higher EDSS and extended disease duration had a negative effect on maintaining the treatment (p<.0001, p=.03 respectively) (Figure 1 ,2). However no effect of age, gender, ARR, level of education, and existence of depression on treatment discontinuation was observed (Table 1) .
More than half of the patients adhered to their treatment in both MS groups, 53% in RRMS and 52% in SPMS. In all patients under IMT, gender, age, level of education, disease duration, or ARR were not found operative on treatment adherence. However, high EDSS and BDI scores were associated with nonadherence (p<.0001, p=.006, respectively) ( Figure  3,4) . No correlation was found between treatment adherence or treatment maintenance and PASAT scores (p=.42, p=.20, respectively). The parameters dealing with treatment adherence are given in Table 2 in detail.
When the patients were grouped according to their level of education, treatment nonadherence was 55% in higher educated group and 36% in the lower one. The difference was statistically significant (p=.007) ( Figure 5 ). The reasons of nonadherence in the higher educated group were similar to the lower educated group, namely refusal of the treatment (26%), appearance of side effects (18%), and forgetfulness (17%). The RRMS and SPMS groups did not reveal any difference regarding the reasons of treatment nonadherence. In both the groups, the most common reason of nonadherence was refusal of treatment (27%) followed by side effects (27%), forgetfulness (18%), and various combinations in minor percentages.
DISCUSSION
Multiple sclerosis is a chronic central nervous system disorder that mostly affects young adults as one of the leading causes of serious disability in this age group. Still, the first-line MS treatment mainly depends on IMDs (beta interferons and GA), which require a very long pursuance. In addition to parenteral application for extended periods, several side effects of IMDs and disease progression hampers treatment adherence.
In this study, we have investigated the rate and factors that affect adherence in our patient population with MS. During the study, it was observed that approximately one quarter of the patients had discontinued the treatment; this rate was higher in the SPMS group. The leading cause of discontinuation was refusal of treatment in the RRMS group, whereas in the SPMS group, it was extended disease duration and progression. When the patients who had terminated IMT were compared with patients continuing treatment, EDSS scores and disease duration of the former were statistically higher than the latter. As predicted, the high EDSS scores were related to progression of the disease, increasing disability, and lack of treatment response. MSBasis Study Group has estimated the treatment discontinuation rate as 40.3% (6) . In this study, the increase of EDSS scores under IMT has appeared as an independent predicting factor for discontinuation. In the Global Adherence Project (GAP) study, treatment adherence was found to be related with duration of the treatment and disease, and the patients with a shorter disease duration had been more adherent (7) . Similarly, in our study, patients with higher EDSS scores were also nonadherent to their treatment, and patients with extended disease duration had discontinued their drugs more often. However, age, gender, level of education, ARR, BDI scores, and PASAT scores had no effect on maintenance of the treatment.
In the following analysis, patients who had discontinued IMDs had been excluded and the rest were grouped as adherent and nonadherent. These two treatment groups were compared for age, level of education, disease duration, ARR scores, and PASAT scores. No significant difference was determined. However, EDSS and BDI scores were significantly higher in the nonadherent group. The potential negative effect of depression on treatment adherence and frequent association with MS have been also reported in other studies (5, 8) . Two recent studies has demonstrated remarkable impact of treatment-related factors, such as Group of nonadherent patients disability, disease duration, depression, and quality of life on compliance (2, 5) . Furthermore, Mohr et al. (9) had found higher rates of nonadherence in depressed patients with MS. Treatment of comorbid depression in patients with MS for more than 6 months may have a positive impact on adherence (10) . In contrast, Sidorenko et al. (11) reported no correlation between depression and rejection of treatment, disease duration, and type of MS.
When nonadherence to a parenterally administered IMD was encountered, factors such as the level of education of that particular patient or lack of treatment response must be considered besides difficulty of application (12) . In our study, we observed a higher level of nonadherence in the higher educated group. Similar to our results, in the GAP study, patients with higher level of education were more often nonadherent (7) . In addition, we have found no gender difference in treatment continuation or treatment adherence. In MSBasis study, which included 44 centers and 2314 patients, female patients were found to be more nonadherent than males (6) . In contrast, GAP study had revealed a better degree of adherence in women (7). In our study, the treatment adherence rates were noted to be quite low: 53% in the RRMS group and 52% in the SPMS group. Although all patients were monitored with regular follow-up visits and received individualized training and assistance service, the high rate of nonadherence was remarkable. In the literature relevant to the treatment compliance, different nonadherence rates may be reported from different countries. In a retrospective study from British Colombia, patients treated with interferon beta had mostly discontinued treatment in the first 6 months of the treatment, and the nonadherence rate was 39% as a whole (1) . In an Italian MS study, 46% of patients abandoned their treatment during 4.2 years of mean follow-up (4). Rate of treatment adherence was determined to be 75% in the GAP study (7) .
Treatment adherence in MS is related with many factors, such as depression, cognitive problems, treatment-related side effects, self-esteem of the patient related to the disease, faith in the treatment, difficulties in reaching the drug, and inefficient follow-up (13). Lugaresi et al. (14) had reported their observations on improving patient satisfaction and treatment adherence with the introduction of first autoinjector, RebiSmart TM . However, in a long-running treatment, such as in MS, extended observational studies on compliance to such new devices must be conducted. In the Betaplus study, the rate of adherence to interferon beta-1b was 62% after two years, and the support of a nurse and application of autoinjectors were found useful in improving drug compliance (15) .
In the study of Treadaway et al. (5), forgetfulness was the most important reason to skip an injection. Cognitive deficiency may appear early during the MS course, and it was observed in 45%-60% of all patients (16) . Compatibly, the rate of severe dementia late in the course of MS was 20%-30% (17) . In the relevant literature, early cognitive dysfunction has been reported in the MS course and sometimes as the presenting symptom (18) . In our study, forgetfulness was ranked third among treatment nonadherence disregarding the disease type. Distinct from the literature, we could find no significant effect of cognitive dysfunction on resuming or adhering to the treatment.
In this study, we aimed to review the level and factors affecting adherence to the treatment in patients with MS and to improve the efficient use of long-running IMT. The results reveal that besides an extended disease course, side effects, cognitive functions, and mood predict treatment adherence to a greater extent.
